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Introduction
• Terrestrial Reference Frame (TRF)

• The TRF is an accurate, stable set of positions and                                                             
velocities of reference points on the surface of the Earth

• The TRF provides the stable coordinate system that allows us to                                                       
link measurements over space & time for numerous scientific and                                            
societal applications including climate & sea level change studies

• The GNSS, VLBI, SLR, & DORIS geodetic networks, along with                                             
ground surveys of stations at co-located sites to tie the networks                                         
together, provide the data for determining the TRF as well as for                                               
direct science investigations

• IAG / GGOS goal
TRF accurate to better than 1 mm, stable to better than 0.1 mm/yr

• Pathways to Improving the TRF
• Improve analysis of existing ground and space observations (NASA / JPL)
• Develop next generation ground stations (NASA’s Space Geodesy Project)
• Launch dedicated satellite missions (E-GRASP)

Terrestrial Reference Frame

• NASA/JPL’s IERS ITRS Combination Center
• Conduct research into improving combined TRFs

• Sequential estimation (Kalman filter / RTS smoother)
• TRF represented by time series of smoothed station positions
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Sequential Estimation (KALREF)
• Kalman Filter / RTS Smoother

• Fixed weekly time step
• State vector and full covariance matrix

• Station positions (weekly)
• X, Y, Z

• Earth orientation parameters (daily)
• Polar motion, polar motion rate, UT1, LOD

• Helmert transformation parameters (at observation epoch)
• Translation, rotation, scale (per technique)

• Parameters of the model of the process (weekly)
• Linear trend, annual and semiannual periodic terms

• Initialize state at starting epoch
• Assign large uncertainties to initial state variables

• Propagate state to measurement epoch
• Using model of process

• Process noise from surface loading models



Kalman Filter and RTS Smoother
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Kalman Filter and RTS Smoother
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JTRF2014 Solution Strategy
• Assimilate and combine

• Weekly GNSS, VLBI, SLR and DORIS station positions
• Daily EOP observations
• Local tie measurements

• Kalman filter approach
• Realizes a sub-secular frame @ weekly resolution

• Origin @ quasi-instantaneous center-of-mass (SLR only)
• Scale is weighted average of VLBI and SLR
• Orientation defined by convention (no-net-rotation)
• Local ties applied once
• Co-motion constraints applied to co-located sites

• Allows for non-linear motions of geodetic sites (station 
position process noise)



JTRF2014 Station Network

671 GNSS    71 VLBI    71 SLR    159 DORIS    972 Total



Helmert Transformation Parameters
ITRF2014-JTRF2014 Difference

1980 2015

Tx

Ty

Tz

Rx

Ry

Rz

D

2000

0.44 ± 0.03 mm
0.15 ± 0.01 mm/yr

0.09 ± 0.03 mm
0.01 ± 0.01 mm/yr

1.51 ± 0.04 mm
-0.20 ± 0.01 mm/yr

1.58 ± 0.05 mm
-0.15 ± 0.01 mm/yr

-0.67 ± 0.02 mm
-0.13 ± 0.01 mm/yr

-0.78 ± 0.02 mm
0.08 ± 0.01 mm/yr

-0.15 ± 0.02 mm
0.11 ± 0.01 mm/yr



Helmert Transformation Parameters
ITRF2014-JTRF2014 Difference

1995 2015

Tx

Ty

Tz

Rx

Ry

Rz

D

0.40 ± 0.04 mm
0.17 ± 0.01 mm/yr

-0.21 ± 0.04 mm
0.12 ± 0.01 mm/yr

1.45 ± 0.05 mm
-0.18 ± 0.01 mm/yr

1.70 ± 0.08 mm
-0.18 ± 0.01 mm/yr

-0.69 ± 0.02 mm
-0.11 ± 0.01 mm/yr

-0.81 ± 0.02 mm
0.10 ± 0.01 mm/yr

2005

-0.22 ± 0.02 mm
0.16 ± 0.01 mm/yr
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JTRF2014 SLR Wu & Heflin (2015)



Velocity Fields
North East Up
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Earth Orientation Parameters
ITRF2014-JTRF2014 Difference

PMX

PMY

PMX-rate

PMY-rate

2000 20152005 2010

17.6 µas

28.0 µas

17.0 µas/day

17.0 µas/day



Updating TRFs
• ITRFs determined every 3-5 years or so
• Between determinations, model is used to 

predict positions of stations
• Accuracy of predictions degrades with increasing lead time

• Can we update TRFs between determinations?
• Using operational products from Services

• Not special products produced by the Services for the ITRFs

• In other words, can predictions between frame 
determinations be constrained by observations as 
they become available?

• Would still need to predict station positions 
between updates, so model still needed
• But updates occur more frequently (monthy?)
• So prediction interval is shorter & predictions more accurate



Updating JTRF2014
• Save state vector and full covariance matrix at 

epoch of last measurement
• Also save ancillary bookkeeping information

• As new observations become available, re-start 
Kalman filter from saved state
• Propagate state forward in time assimilating new observations

• Using RTS smoother
• Save state at epoch of last new observation
• Re-generate predictions
• Repeat at monthly (?) intervals

• Entire history of observations are not processed
• Only new observations are processed

• Would still want to re-determine ITRFs
• To incorporate re-processed observations, updated models, ...
• But perhaps less often than every 3-5 years (?)



Requirements
• Updated TRFs based on operational products

• Must be able to make operational products consistent with 
products used to determine the frame being updated
• Need unconstrained, free network solutions
• So need to remove constraints applied when generating operational product
• Need to restore loading displacements if removed

• Ideally, constraint and loading information should 
be in same SINEX file as observations 
• If not possible, then provide information in separate file
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